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The Higgs boson 4

e The Higgs boson 1s at the center of the Standard
Model and can also serve as a bridge to Beyond-
the-Standard-Model physics

e Stability of the universe, “portal” to dark matter, ¢
CP violation etc.

e |t has been a decade after the discovery, and the
profile of the Higgs boson becomes more clearer

T
e This talk will cover the latest Higgs measurements -y
by CMS on this non-exhaustive list

e Cross-section and couplings

e Mass and width

e Rare and exotic decays
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The productions and decays in SM 5

Higgs boson production modes Higgs boson decay channels
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The productions and decays in SM 6
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STXS

e The Simplified Template Cross Section
(STXS) provides a pragmatic interface from
the experimental accessibility to the
theoretical handlers on SM and BSM

phenomena, by using coarse kinematic bins

e Balancing the experimental sensitivity (XS
measurements with maximum sensitivities
with deeply optimized cuts) and the model
independence (differential XS
measurements with fine kinematic bins
using simple cuts)

e The experiments are reaching the precision
for measuring STXS 1n Stage 1.2

Stage 1.2
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGFiducialAndSTXS#Recommended_binning_Stage_1_2

HPNP2023

(oB)gbs fol

—y
o
n

Peking University

STXS 1n the “golden™ channels

e H/Z74l, small BR, but high S/B, full m;; reconstruction with high resolution: matrix element
information for categorization and m,; tor fits, providing merged STXS Stage 1.2 measurements

137 fb~' (13 TeV)

SM prediction

H-Z7

mp=125.38 GeV
STXS merged Stage 1.2 - |yy]| <2.5

56740

Ratio to SM
Q — N w

providing slightly merged STXS Stage 1.2 measurements
Ms_EPJC 81 (2021) 488
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)
~  10°
S a]
(5]
3
b 10
1
107"
1072
= 2'5§
0 2F
O 1.5E
- =
O
e
©
oC

CMS JHEP 07 (2021) 027 137 fb' (13 TeV

Xiaohu SUN

3

o Hyy, small BR, excellent mass resolution: BDT and cuts for categorization and m,, for fits,
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STXS stage 1.2: mini
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-001/index.html
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STXS 1n high-stats channels 9

Hzt focuses on ggH and qqH

e High-stats channels including Hbb, HWW and Hrr Accepted by Fur, Phys. J.

CMS 138 b (13 TeV)

provide additional sensitivities in STXS e\l
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e The focuses are mainly on ggH, qqH and V(lep)H
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-013/index.html
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The combination 10

o At the 10th anniversary of the CMS 138 b (13 TeV)

Higgs discovery, the “portrait” .
fgff Hioos b )’ b pCMS —— Observed +1SD ||| 1, combined £1 SD
O t e lggs Oson y Was : l+0.15 l+0,35 ; " I . +6.54 g ; | . +0.;1 I : l—0.34'
Published vy 1.08 7, 100708 :_J__1.43_0.47 .I 1197011 1.6
W’'=1.13=009 : : :
: . 0.93 )13 0.32 705 E 0.00 "% E 1224 a0 i 0.00 %"

e A tull combination of P | — : 1o |
available experimental -y 090 27 073707 241072 176707 E_li“o,sz
observables -l 5 ; |

1T 0.66 + 0.21 0.86 "0 16 | Bl 133755, 189 o MN0.357) %

e A deep examination of the 0054010 E E |

nggs mechanism bb:105t3-2 5315 ] _E_._1-25i323f _‘E_ 0.90 753 :, 0.80 4 44

e Results include inclusive signal Lo 0.33 574 156705 5 56335 il 307 208

=121 04 ! 0 1 2 4 6 :
strength 1, and a full breakdown e e
. . . Z‘{ 5.88 -1.23 >le : -4.43 -2.89

from various couplings in the « 2= 25078 T I T
framework 0O 085 1 156 2 25 0 1 2 3 0 1 P 3 4 0 1 2 3 4 0 05 1 15 2 25 3

ggH VBF WH ZH ttH-+tH

p =097 008 Mg = 0.80 £0.12 By, = 149 05 Py RS s o F LTS

e A good agreement with SM 1s
observed at the current precision The signal strength u’s Nature 607 (2022) 60-68



https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html
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e Largely from HZZ4[ and Hyy

Peking University

Difterential XS

e Provide a big variety of unfolded kinematics with model independence

Ratio to NNLOPS
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-016/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-009/index.html
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e The mass 1s essential and determines
many other properties (XS, BR etc.)

e Largely rely on HZZ4[ and Hyy
thanks to their complete
reconstruction of the final state and
their excellent mass resolution

(1-2%)

Runl ATLAS+CMS:
Phys. Rev. Lett. 114 (2015) 191803

Now CMS:
my = 12538 20.14 £ 0.11 GeV

Hyy & HZZ4[ with Run1+2016
Phys. Lett. B 805 (2020) 135425
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The Higgs mass 12

CMS

Xiaohu SUN

Run 1: 5.1 o' (7 TeV) + 19.7 fb™ (8 TeV)
2016:35.9 fb' (13 TeV)

Run 1 H— ZZ— 4]

Run 1 H—yy — 124.70 + 0.34 ( + 0.31) GeV

Run 1 Combined bt 125.07 £ 0.28 ( £ 0.26) GeV
2016 H—yy —— 125.78 £ 0.26 ( = 0.18) GeV
2016 H— ZZ— 4l b——t 125.26 £ 0.21 (£ 0.19) GeV
2016 Combined L 125.46 £ 0.16 ( £ 0.13) GeV
Run 1 + 2016 -!- 125.38 £ 0.14 (£ 0.11) GeV

- Total Stat. Only

Total (Stat. Only)

———— 12559 + 0.46 ( + 0.42) GeV

122 123 124

125 126 127 128 129
m, (GeV)


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-004/index.html
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The Higgs width 13

e Not quite possible to directly measure the width that 1s ~4.07 MeV, given the
experimental resolution at ~O(1) GeV

e But can exploit the on-shell and off-shell production using HZZ41

CM$ | - <140fb (13 TeV) 4MS i £138fb“(13TeV)
14— 2I2v+4| off-shell + 4| on-shell — , *
noshell 8§gH8%-IZZ - — 212v off-shell + 4l on-shell '
SH—Z7x ™ 12—~ — 4l off-shell + 41 on-shell 5
85 myly - j
gz gz 10—_ Observed o _
O,Off-slll_?ll g~ ggHSHZZ y Expected E
gg—H*— 2 < gl 4 =
(ZmZ) a |
8 |
6__
| ‘ nd
4 \.- f pyays ~E
+2.4 i\ 95% CL v 7~
I'= 32—17 MeV 2:\ g h % 05 1 15 2 25 3
Nat. Phys. 18 (2022) 1329 ENEERCL L : poff-shel
LN T,
: 5 i s A
'y (MeV) 0 2 4 6 8 10 12 14 16 18
2AInL



https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-013/index.html
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The couplings 14

e The couplings measurements range over three orders of Nature 607 (2022) 60-68
magnitude —

CMS 138 fb~1 (13 TeV)
e Couplings in the x framework can be measured with a o Obseec 154, ftay
o o 0 mmm 1 S5.d. (Stat @ syst) +1 s.d. (syst)
precision as good as < 10%  cws — 25 (sat @ sy
I l 1 I 1 I I 1 I I 1 I 1 I I 1 I I 1 | | Stat Syst
4 Discovery % LHC Run 1 o= This paper Ky —=gn— 1.02+0.08  #0.05 +0.05
— 58% CL -==095% CL O SM Higgs — |
i —— A o N Kz —— 1.04£0.07 005 005
€l 'F m,=12538Ge W Z Lo i | - 5
|§ : °' : i | K, —=— 1.10+008  +0.06 0.05
5 101 3 "."'. E i | — E
- i ] Kqg —i— 0.92 +0.08 +0.05 +0.06
< - ] 1.0 — . — :
< i b ,"’. y \\ — :
102F :’ E < i ' ] Ky —'E'— 1.O1J_f8:](1J +0.07 +0.08
i Vector bosons i P | B E
¢ Third-generation fermions i : | “b 'E' 0-99f8:1é 0.12 fg:}g
108 u .7 E ~ ! 7 — :
- é,—" }Second-generation fermions ] / !
--- SM Higgs boson ] 0.5 1= / ] Ky —— 0.92:0.08  *0.06 0.06
10 B el oo e —— = ! K : +0.21 +0.19
S M T T T - - " ————— 1.12:021 4019 409
w 1.2F + 1.05 : H r - - - :
@] - i ] !
E 1.0 g.. .......................... §...+ ................. ;gg é.... . ..?.....E i i szy | 165+8§$ +8g% +81Og
E O.SE_HI . o aaal ) o il . ...;....I . —E O | I | I | | | l | |||||||||i||||||||||||| | . .
0.6 o 1 10 102 0.6 1.2 1.4 0 0.5 1.0 1.5 20 25 3.0 3.5 4.0
Particle mass (GeV) Ky Parameter value
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Couplings to lighter fermions

e Reaching out to the first and second generation fermions

4 Combined
-4  Expected 7.60
- Observed 14.4

|  Observed 16.9

|  Resolved-jet
Expected 19.0

CMS 138 fo! (13 TeV)
< 0-5 . ! | | | I | I -
o
g my = 125.38 GeV Bl 68% expected -— Median expected
J'rq;- 0.4 - B, (H — e*e_) . 3.0 x 1074 95% expected - Observed -
QTJ b Bep(H —eTe”): 3.0 x 10
= L
Q 0.3 _
s [ H — ee
€
] 0.2
) _

N
Y} _
@ 01}

4 1L
- Expected 11.5
- Observed 19.1

1 2L

A
\,\/\690 N \A«@Q@ \(\@96
QP QP R QR

Analzsis category

BR(H = ee) < 3.0x 107*(3.0 x 107
at 95% CL. Accepted by PLB

138 fb' (13 TeV)

T T T 1 I T LI T I LI} T I I T LI} T I T T T T I T T T I LI T I
—o— Observed ~ ----- Median expected

B 68% expected
----- 95% expected

Merged-jet
Expected 8.75

Observed 13.9

oL
Expected 12.6
Observed 18.3

Expected 14.3
Observed 20.4

11 1

0 9 10 15 20 25 30 35 40

95% CL limit on uVH(H

— ¢C)

1.1 <|k.| <55 (|x.| <3.4)
at 95% CL. Accepted by PRL
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+0.22:

:lllI|IIIl|llIIIlIII|IIIlIlIII|lII

—0.2]

Cl

. ;IIII|%IIIIIIIIIIIIIIlllllllllllllllIIIII_-

(@) E

2 S

}'9 0

(4v]

D_5lllI|IIIl|lll||llll|IIIlIlIIl|lIII|llII——
110 115 120 125 130 135 140 145 15C

m,, (GeV)

JHEP 01 (2021) 148



https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html
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Couplings to lighter fermions 16

e A rare production of pp — yH is probed with \\ ) .
H — WWin the triple boson analysis of WWy = S — @ﬁzj
e Particularly sensitive to u,d,c,s couplings q

 Most stringent constraints on u,d to date / %

Process 0up Pb exp.(obs.) Yukawa couplings limits exp.(obs.)
uu - H+y — euy 0.067 (0.085) k.| <13000 (16000)

dd - H+ vy — euy 0.058 (0.072) k4| <14000 (17000)
ss - H+v — euy 0.049 (0.068) k.| <1300 (1700)
cc >H+v —euy 0.067 (0.087) k.| <110(200)

CMS-PAS-SMP-22-00
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Anomalous couplings

e The anomalous couplings are pushed to new frontiers

Bt 6 () () ¥

\A4 1 2 12 2 % % VV (1) %(2)uv VV (1) z2x(2)uv e — VK

AHVV) ~ |a; " 4 p— M3 €516 +ay  fuy [T +ay ) oy frOF Litn - Py (k¢ + iys5%;) P H
(ar")

CMS 138 o' (13 TeV) CMS 138 fb™' (13 TeV)
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H — Zy 18

7 7
e H — Zy with loop where new physics can hide ; W {f}{z
H---- ¢  H---- W H---
: q W
e ATLAS and CMS results are combined for 3.40 Yoo
Y Y
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H — nvisible 19

. 1 + . ° ° ° O
e Direct searches with MET tstllfbmi\tftlg dliff(g)]z inv.) < 0.15 (0.08) at 95% CL

-1 -1 -1
_ 321 (71eV), 19.770 (8 TeV), 14010 (15 TeV) _ 49fo" (7 TeV), 19.7 b (8 TeV), 140 fo' (13 TeV)
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o = [ 68% expected . 2 1041 % ‘e, Higgs portal models_gl
,-I-I\ 0.7 : 95% expected _: abg 1042 = ‘0’0,‘ . ’ - - - Majorana fermion DM 3
z T 0.49 (0.32) S " ScalarDM
= 06 0.26 (0.30) k 0O D T e . Scala -
T E E ? ) \"3‘\ - | = — - Vector DM "™ g
% 0.5 o« = 107 & . ,”, Vector DM*%% 2
0 - . 107 & "u,% e :;/f’; Vector DMP2
- 0.21 (0.18) 107 e K UL
03; 10_47 ;? ':.:"':'::...1i“‘,.|“"‘ ?;
- 0.18 (0.10) m 48 [ ~ Direct-detection i
0.2 | 10 7 = P =
5_0_15.(0_08) Py E v = 7 ssns CRESST-II -
0.1F — 107 = g »sus DarkSide-50 E
| . pt - snn PandaX-4T -
| - ] sxss LUX-ZEPLIN =
0 —51 | | Lol | | Ll | | L L a
3 T 2 2 2 10 5 ;
£ T iy s 3 1 10 10 10



https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-007/index.html

HPNP2023

e Scan for H — eu 1n the mass range of 110 to 160 GeV
e Categorize with BDT for ggH and VBF separately, fit on m

ggHcat0

0.52 (0.81) x

ggHcat1

0.84 (0.80) x

ggHcat2

1.40 (1.30) x

ggHcat3

10.34 (6.97) x

VBFcatO

2.08 (1.72) x

VBFcati

3.96 (3.25) x

Combined
0.44 (0.47) x
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104
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CMS Preliminar
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95% CL limits
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Higgs decays with lepton-flavor violation 20

Submitted to PRD

€U

CMS Preliminary 138 b (13 TeV)
=|||||||l|||||||||||||||||||||||||||\|||||||l||=
8-  95% CL limits
7:_ —e— observed
E - expected = 1o
6
L expected + 2c /“\

95% CL limit on 6(pp — X — ep) [fo]

1010 115 120 125 130 135 140 145 150 155 160

my [GeV]

Found small excess of 3.80 (2.80) local (global) at 146 GeV
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Higgs to pseudoscalars 21

e Copious BSM scenarios (2HDM, 2HDM+S, singlet, NMSSM, axion etc.)
expect Higgs to decay to a pair of pseudoscalars and are extensively
searched at CMS

CMS elimina e
100__ ' T —— T nnlnnl.mlmlg . » 136 fb (13 TeV) 10 CMS Prelitz 1 Prelminary |1I38fb[(13[TVE
b o ?‘10 T T T T T T ] T T T | ] 3 -l_lglllllllllllllli_o f 95% CL upper limits 7
L N <t - : Yo ’E : ttbb final state —e— Observed
T - CMS 95% CL upper limits 11 | . | 12 Comoined et
f W 1 ; pp 11 1 06/~ wubb final state %10:—_ — PGV
D T < i —e- Observed 10 ' ]
~ 101k ) T S— S — - Medi ted : f ‘
=107 | Tt o e 117 os Hy— aa — 1tbb
S 2C2T1 T I 68% expected < _
|§ 28 A A | U I s 4T N 1072 95% expected — |@a
i - - s =
T O i w2 CMS H — vy 11| 04
o 10_2:._ | e 49 4 0 i : |
% : = Y PR RN PR T PR FRUTE FUTTE FET PR |
T . 2921' = | 045 20 25 30 3 40 45 50 55 60
< S | 1 e N : o i 0.3 m, (GeV)
E ----------- 1 2b2u % H bb —
> _ — aa —
- 103 - 4u EI) ] 0.2 ad HH
........ ] 2121 52 i
-------------------- LO oo b b e b b e b
292 o3}
- : 9K 0 02 04 06 08 1 12
- : - i T i biiiilisailiaiihaiil
10 1 ? 4 6 810 20 40 60 mA[GeV] q v b b s b b b bvvan bunna bvnaa by

5 20 25 30 35 40 45 50 55 60

m [GeV] H — aa — 4y m, (GeV)

First merged diphoton topology!
Channels sensitive in different mass ranges Accepte dgbV PIISL porosy CMS-PAS-HIG-22-007
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Higgs to pseudoscalars 22

e Instead of pairs, Higgs to Z+pseudoscalar 1s searched as well

e Unique signature with [lyy classified with a BDT CMS-PAS-HIG-22-003

— -1 o -
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HH 23

e The double Higgs processes (HH) provides a Nature 607 (2022) 60-68
direct probe to the Higgs self-coupling and —

-1
the four-boson coupling VVHH k,y, but very CMS S 1 ?8 1o (?3 TeV)
challenging as its XS is 3 orders of Altofnere =1 ; et
magnitude smaller than the single Higgs 5 + 2 SDs

: : SM

e The HH sensitivity already surpassed the pp — HH
single Higgs in terms of Higgs self-coupling =

e Both HH production and decays have been -
eXplOI’Gd 6Xt€ﬂSlVely Indirect interpretation

e Production: ggH, VBF and VHH I R

e Decays: 4b, bbtt, bbyy, bbWW, bbZZ,
ttWW, 4, AW, WWyy
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HH with 4b 24

e Stats deliver in HH thanks to its largest BR among all CMS Preliminary 138113 TeV)
. . Ky =ty =1 VHH -
e Measure HH XS with an upper limits of 3.9 (7.8)xSM K, = 5.5 obeared Median expectec
- 68% expected
e The boosted 4b excludes k,;, = 0 for more than So VETaane (HE00020202020000 e 95% expected
Small radius
. . . . Expected: 31
e The VHH is also probed using 4b and provide unique ossenease i
MET channel
probes to WWHH and ZZHH separately, and can be Large radius
o« o . Expected: 242
competitive 1n K;~5 Observed: 353 —
1L channel
_ CMS 138 fb™' (13 TeV) Small radius
% ? %’i()lbgzgf\:eli;nits | | A|| categorles g gﬁzeef\tfee%::;% -
T qgt| - Median expected . R . HH — bbbb _ 1L channel
T = I 68% expected f é é = Large radius
o u 95% expected : : : _ Expected: 244
% . - — Tr}eoretlcal predlctlon ] Observed: 286 =
0>:] 10 E_ .......................................................................................................................................... 2L Channel
@) - Expected: 37
1 02 ...................................................... PRSEIECED0 =
. FH channel
Expected: 58
1 O """""""""""""""""""""""""" """""""""""" """""""""""" """""""""" —E Observed: 70
: Combined
Phlys. Rev. Lett. 129 (2022) 081 8@2 o l o CMS-PAS-HIG-22- 006
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Upper limit on o/c,,
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HH combined 25

o Still in the era of

h CMS 138 fb~1 (13 TeV) CMS 138 fb~1 (13 TeV)
T ' L L LA . T T T N BN L AL L AL L AL N A L AL L AL BN NI R

Searc Y upp er K, =K;= 1 —e— Observed @ = ====- Median expected - Ky =Koy =Ky =1 — Observed ----- Median expected -
li its et Ore Ky =Koy =1 B 8% expected I —— Theory prediction ¥ 68% CL expected ]
l l l g l l l _____ 95% expected - 2= 95% CL expected

—
o
w

stringent -

bb ZZ
Expected: 40

Observed: 32

e The combined XS e |

Expected: 19

upper limit Observed: 21 B

bb vy

reaches 2-3 times | gowceoss
of the SM ob 70

Expected: 5.2

95% CL limit on o(pp — HH) fb
2

Excluded Excluded

prediction T -
 The constrainton —1.24 < K, < 6.49

Expected: 2.5

K2V iS iHlpI'GSSiVe Observed: 3.4 | . I
largely due tO 4b 1 95% CL limit on o(pp — HH)/o7er, Nature 607 (2022) 60-68

boosted
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Summary 26

e |t has been a decade after the discovery, and the profile of the Higgs
boson becomes more clearer, but there are many unknowns

e STXS stage 1.2 precision can be as good as ~10%

e The Higgs mass 1s measured to the level 0.1%; The width 1s measured
with the best precision ever using on/off-shell productions

e Higgs couplings are in general at 10% and reaching out to the 1st/2nd
generation fermions

e HH keeps exploring and 1its upper limit 1s reaching ~2xSM
e Higgs pair searches excluded «,,, = 0

e No obvious sign of anomalous couplings yet
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HZ74]1 merged STXS Stage 1.2 28

=VBF + V (- qq)H

| |
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kin
Dbkg

CMS 137 fb~' (Vs = 13 TeV)
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ggH = ggH + gg — Z(qq)H + bbH qqH = VBF + qq — V(qq)H
p7 [0, 200]
pr [200, 0] = O-jet || = 1-jet > 2-jet
o = O-jet = 1-jet > 2-jet 200
Pr m;; [0, 350] m;j[350, oo}
0 [ 300 —
m;; [0,350] | [my; (350, o] 0
10 i M; 450 pr [0,200] pH 200, oo]
| 0 350 | 60 mj;
it 650 qqH rest 350
60 700 120
> 700
o0 H
120 0 25 o0 pr 350 -
Hjj
P
VH = V(leptons)H ttH
0
py  |ad — WH qq — ZH gg — ZH 60 — tH
’ 120
|
75 | [ p% th
200 |
150 tHW
0-jet > 1-jet 0-jet > 1-jet 0-jet > 1-jet 300 |
250
O
o0

30

The shaded regions indicate the STXS bins that are divided at stage 1.2, but are not measured independently in this analysis.
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CMS Simulation 13 TeV

Egg—ﬁm (I=e, u)
— SM H signal (HP)
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The width 31

108 CMS Simulation 13 TeV
- EW ZZ(—>4I)+qq productlon (I=e, pt)
1? — SM H signal (H®) 7
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4] takes 1ts advantage in on-shell
llvv plays an important role in off-shell
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CMS | l13|8 fb (13 TeV) o CMS | 78 fo! (13 TeV)

ooy, pm'SS>200 GeV i - 41,D,, >0.6 E

10°E { Observed - - { Observed -

Total, no off-shell - 2 " Total, no off-shell

i gg+EW SM total - 107 gg+EW SM total =

£ I " ~ | Other SM | [= C | Other SM ’
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The stacked histogram displays the distribution after a fit to the data with
SM couplings, with the blue filled area corresponding to the SM
processes that do not include H boson interactions, and the pink filled
area adding processes that include H boson and interference contributions
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Higgs AC and EFT

Direct analysis following the anomalous couplings (AC) parametrization
— target ggH and VBS Higgs productions

AC approach/SMEFT approach

1 Anomalous coupling:

kf:GP
Limits on AC parameters can be rotated to Warsaw basis WC limits.
AC approach SMEFT approach
2000000000, aizz=aiWW SU(Z) X U(1)
= \ 4 anomalous couplings: ail #a,WW
My - , H a, (CP) 3 anomalous couplings:
A(Hff —— ¢ (Kg + 1K . ‘
(Hff) = lpf (¢ £75) Vs / 2, (CP) a, (CP)
g t
as1 (CP) as {SP)
as? (CP) as (CP)
VV, 2 A vV 2
A(HVV) = 1 e Ky Gvi T Kz Gv2 , K3 (Gv1+ sz) R q q
v (AVV) (Avv) I
1 ) 1 d =
v va]ll f 2),uv _a’\%/vf;nl)f *(2) Ill v J
.
- o 2
H £ |Kf\2 , Ky Observables: £ = ;|0 sign (a )
— sign | — : ai = 12
CP 2+ (R |2 5 K XS fractions Y i=123.. \a]| of a

Davide Valsecchi@wLHCP2023
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Overview:

. Construct collinear mass variable m,,; = m.; /4 / x

Peking University

H — et, ut

» Multiple signal region categories based on T decay and jet multiplicity to enhance sensitivity

VIS
T

to estimate mu

A BDT is trained in each channel and the discriminant distribution is used in a maximum
likelihood fit to extract the upper limits on the Higgs BR

(108 137 b (13 TeV)
E CMS ~+ Observed [ ]Z-tr
E_ ut I Z—~ee/uu [ tt,t+jets
3 I EW W/Z [ Diboson
[ ]W+jets/QCD [SMH
— H—ut (B=20%)[EE] Bkg. unc.

100

200

300

m,, (GeV)
Analysis constrains BR(H—ut) < 0.15 and BR(H—eT) < 0.16 at 95% CL

Also provides upper limits on LFV Yukawa couplings: \/ 1Y, 1” + | Y., ”<1.11 x 108 and

\/\Ym|2+ Y., |°<1.35x 103
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ut 2 Jets et,, 2 Jets
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Hcc
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